A stability analysis is presented of the hydrolysis of methyl isocyanate (MIC) using a homogeneous flow reactor paradigm. The results simulate the thermal runaway that occurred inside the storage tank of MIC at the Bhopal Union Carbide plant in December 1984. The stability properties of the model indicate that the thermal runaway may have been due to a large amplitude, hard thermal oscillation initiated at a subcritical Hopf bifurcation. This type of thermal misbehavior cannot be predicted using conventional thermal diagrams, and may be typical of liquid thermoreactive systems.
parts that are not actively controlled, than in dedicated, well-designed chemical 23 reactors.
24
Despite the acknowledged dangers of large-scale storage of reactive chemi- However batch reactors have no non-trivial steady states, and there is no gen-33 eral theory for determing whether a thermal excursion will grow or decay. Here it 34 is assumed that the same parameters that govern the stability of a thermoreactive 35 process in nonequilibrium steady state also govern the stability of thermoreactive 36 processes in storage tanks. From the comprehensive stability and bifurcation anal-37 ysis of the CSTR that was carried out in Ball (1999) The spatially homogeneous flow reactor in which a reactant undergoes a first order, exothermic conversion is a simple but elucidatory model for thermoreac-tive systems when it is appropriate to ignore convection, because as a dynamical system it has non-trivial steady states that can be analysed for stability. The mass and enthalpy equations are
V is the reacting volume, c is the reactant concentration, c f is the reactant concentration in the inflow, F is the volumetric flow rate, C is the averaged volumetric specific heat, T is the reaction temperature, ∆H is the reaction enthalpy, L is the linear heat transfer coefficient, T a is the ambient temperature. The temperaturedependent (pseudo)-first order reaction rate constant is
where A is the reaction frequency, E is the activation energy, and R is the universal gas constant. For numerical and comparative reasons it is useful to work with the following dimensionless system corresponding to equations (1-2), using (3):
where
Numerical analysis of equations (4-5) was car-ried out using rate, thermochemical and temperature data from table 1 and values
66
of the inverse residence time f , heat loss , and inflow concentration c f were 67 assigned on the basis of available data.
68
The reacting mixture self-heats if the rate of reactive heat generation r g ex- 
118
The tendency for oscillatory, non-classical thermal runaway may be typical of this; it is just a simplest case scenario for which the powerful tools of stability and 151 bifurcation theory can be applied.
152
The Union Carbide plant at Bhopal has been derelict since the disaster and 
180
The following brief account of the Bhopal disaster has been compiled from the 182 following sources: Forman (1985) , Lepkowski (1994) , Shrivastava (1987) , Weir
183
(1987) and Abbasi and Abbasi (2005) .
184
The Union Carbide plant at Bhopal carried out the production of carbaryl,
185
an agricultural insecticide that has been used widely throughout the world since 
